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This invention has fo do with the separatlon 
of weakly aeidic eonstituents, such as hydrogen 
sulflde and carbon dioxide, from hydrocarbon or 
other gases, and iæ directed particularly fo an 
 improved process for selective dissolution of re- 
action compounds of such constituents, where- 
by they may be removed from the gas and then 
separately recovered, all in a continuous absorp- 
tire and çegenerative cycle. 
The invention is especially concerned with the 
removal of hydrogen sulfide and carbon dioxide 
from hydrocarbon gases, and contemplates gen- 
erally the treatment of the gas with an absorbent 
reactive .with the carbon dioxide and hydrogen 
sulfide, and having then a two liquid phase com- 
position, the individual phases respectàvely con- 
taining absorbed carbon dioxide and hydrogen 
Sulflde. These phases then are separable and 
capable of individual regeneration fo separately 
release their absorbed acid gases. 
We bave discovered that solutions containing 
an aliphatic amine, preferably an alkanolamine, 
water and a third component compatible or mis- 
cible with both, wfll dissolve the reaction prod- 
ucts of the amine with hydrogen sulflde, with- 
out however retaining in homogenous solution 
appreaiable quantifies of the reaction products 
of the amine with carbon dioxide. In other 
words, reaction of the amine and carbon dioxide 
results in formation of a carbamate which, by 
virtue of the presence of the aforesaid third 
component, is rendered seçarable because of 
llmited solubility of the carbamate in the re- 
maining solution. Accordingly, as such solu- 
tions become saturated ith carbon dioxide and 
hydrogen sulflde, they form into two phases sep- 
arable as upper and lower layers, the former of 
which contains most of the combined hydrogen 
sulflde and no appreciable combined carbon di- 
oxide, while the lower layer contains substan- 
tially all of the combined carbon dloxide (i. e. 
carbamate) and some hydrogen sulflde-amine 
reaction product. The reaction and phase sepa- 
ration effect appears to be that upon reaction 
with carbon dioxiode, the amine in the initial 
treatlng solution separates Into the lower phase, 
and progressively as the reaction occurs because 
of the substantial insolubility of the reaction 
product in the upper phase. Thus, upon regen- 
eration, the so-called upper phase releases sub- 
stantially pure hydrogen sulflde, while the lower 
phase gives off a substantial quantity of the car- 
bon dioxide content of the treated gas, with per- 
haPs some hydrogen sulflde. 
The amine component of the treating solution 
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2 
may be any of the alkanolamines or aliphatic 
amines imown fo be reactive with acid gases, see 
Hutchinson Patent 2,177,068. 
The following, classes of compounds are round 
5 fo be suitable diluents or additives soluble in 
water-amine solutions, the diluent in any in- 
stance preferably having a boiling temperature 
in excess of about 190 ° C.: Monohydric alco- 
hols, water soluble monoethers of polyhydric 
10 alcohols (such as carbitols and Cell0solves and 
particularly butyl carbitol, butyl Cellosolve and 
phenyl Cellosolve), and water soluble multiple 
ethers of polyhydric alcohols such as dimethoxy 
tetraglycoL In some instances, though not nec- 
15 essarily in all cases, if may be desirable t in- 
clude a glycol, typically diethylene glycol, in the 
solution as for the purpose of aiding in main- 
tenance of the amine-hydrogen sulfide reaction 
product in a condition more completely confined 
20 fo the upper layer or phase. 
The following are cited as typical treating 
solutions: 
ExamPle 1 
25 20% Monoethanolamine 
10 % Water 
70% Butyl carbitol 
Example 2 
30 % Triethylenetetramine 
S0 25% Thlo-glycol 
35% Carbitol 
10% Water 
Example 3 
17% l/ionoethanolamine 
$5 46 % l/iethyl Cellosolve acetate 
32% Diethylene glycol 
 5% Water 
Example 4 
40 30% Diethylenetriamine 
30% Carbitol 
35% Diethylene glycol 
5 % Water 
The physical steps and operations employed in 
45 carrying out the invention, wfll be understood 
more fully by referring fo the accompanying 
drawings illustrating typical treating cycles 
bodying the invention, and in which: 
50 Fig. 1 is a iew illustrating the treating sys- 
rem in flow sheet form; and 
Fig. 2 is a fragmentary view showing a varia- 
tion of the flow cycle, 
The gas fo be treated may consist typically 
55 of a hydrocarbon gas containing substantial 
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qUantities of carbon dioxide, hydrogen sulflde 
and perhaps also some moisture, which inci- 
dentally may also be removed, particularly where 
a hygroscopic diluent such as diethylene glyco! 
is included in the absorbent solution. The sour 
gas is îed through line {} to a contactor column 
! through which the gas flovs upwardly and in 
intimate contact with a down-flowing stream of 
regenerated solution introduced fo the column 
through line !2. The treated ffas leaves the con- 10 
tactor through line fS. The rich solution, con- 
taining absorbed hydrogen sulfide and carbon 
dioxide, is discharged through line !4 to a sep- 
arator {} within which the solution stratifies. 
Merely as illustrative, the solution may convert 15 
to an upper layer or stratum containing the ab- 
sorbed hydrogen sulfide, and practicallF nO- cal- 
bon dioxide, and a lower stratum containing 
carbon dioxide and a relatively small quantit 
of hydrogen sflflde. 20 
The upper stratum is discharged ïrom the sep- 
arator through line 6 and excl]anger 7 into a 
still $ suitably supplied with heat, as by the 
conventional reboiler !-9. Upon being heated in 
the still, the solution is stripped of its hydrogen 25 
sulfïde content, the latter being recoverabe from 
line 2{}. as high purity hydrogen sulfide. The 
stripped solution then is returned from the stilt 
or reboiler through line 2!, exchanger 7 and 
c.o01eï: .,. for recirculation througlï the con- 3O 
tact0r: 
The lowe_r liquid straum in separatoç ! is dis 
charge through line 23 and exchanger 24 into 
a second still 2 receiving bottom heat ïrom re- 
boilr 2 at a temperature sufficient for regen- 35 
eration of thi solution. Thi absorbed acid gas, 
or . the most part carbon dioxide, is relased 
from th c01umn ïor ïurtler disposition through 
line 27. The lean solution is recirculated 
tln'ough line 26, exchunger 2 and cooler 2, for 40 
dmixture with the solution being returnd from 
line 2. Being mutually soluble or compatible, 
the two solutions when introduced together to 
the contactor, or admixed therein according to 
the variation described below,, const.iute a single' 45 
phase absorbent solution. 
In Fig. 2 we illustra.te a variation of the de- 
scribed system, by means of .which if is possible 
to more completely absorb hydrogen sulfide from 
the gas, to effect greater dehydration, and if de- 50 
sired, to lower steam requirements for stripping. 
This variational flow cycle is similar to the de- 
scribed system except that the regenerated solu- 
tion leaving reboiler 2'$ through exchanger 2 
and line , is passed through a cooler 29; be- 55 
yond which all or a portion of-the solution is 
introduced through line ${} into the top of the 
contactor, The regenerated solution leaving re- 
boiler ! and fiowing through line 2 and ex- 
changer !, is passed through cooler  and re- 60 
turned to the contactor i through line $2 ai a 
point several trays below the top tray of the 
contactor, either lone or mixed with a portion 
of: the -solution taken ïrom line  thr0ugh line 
$3: under, coutrol .of. a suitable regulato or valve 65 
Considering the differences in compositions, 
particularly with reference to hydrogen sulflde, 
of- the solutions in the stills !8 and. 2{}, it will be 
appreciated  tlat with ifs initially lower hydro- 7O 
gen sulfide content and aided by the stripping 
éfféct of its absobed carbon dioxide, the solu- 
tion.in stilI 2- can mora easily be stripped to a 
lïwez, h:drogen sulflde content than the solution 
being striPped in stili'!: AccordinglY, bY selèc- 75 

tively introducing the lean solution from line 23 
to the top of the contactor, advantage is taken 
of the relatively greater purity of this solution 
in respect of hydrogen sulfide contamination, as 
5 a means oî effecting more complete hydrogen sul- 
ride absorption in the top trays of the contactor, 
and therefore greater purity of the treated gas. 
Dehydration of the gas is improved for the 
reason that as concentrated in the shell 2, the 
lean solution can be ruade highly hygroscopic by 
reason of the moisture absorptive properties of 
the amine in the preence of low water content 
and the third non-aqueous component or diluent, 
leduction of required total stripping steam is 
made possible because of permissible incomplete 
stripPing of hydrogen sulfide in the still 
ruade possible bF the fact that the lean solution 
taken from the still is introduced to the con- 
tactor below its top trays, and at a location 
where the presence of appreciable hydrogen sul- 
ride in the solution will not impair the pUrity 
of the treated gas as detemnined by the top tray 
!iquid compositions. 
We claim: 
1. The methcd of treating a hydrocarbon ga 
containing hydrogen sulfide and carbor/dioxide, 
 hat includes contacting the gas in a contact- 
ing zone with a monophase liquid-alJsobent solu- 
tion comprising an a!kanolamine, watgr and a 
compound having a boiling temperatui'e" above 
190 ° C. and of the group consisting of mono- 
hydric alcohol s, water soluble ethers of polY- 
hydric  alcohols, and water solubld multiple 
ethers of po!yhydric alcohols, in suiTicieitly high 
concentration of- said compound to cause by re- 
action of the amine Witl] said hydrogen sul2ide 
and carbon dioxide, the formation of two Hquid 
phes one containing the bulk of the amine- 
carbon dioxide reaction product and the other 
the bulk of the amine-hydrogen sulfide"reaction 
pïoduct by virtue of the relative insolubility of 
the amine-carbon, dioxide reacton pfoduct in 
therCainder ofthe solution, separatel heating 
and stripping said phases ofth_eir absorbed gases 
and retUfning the  striped: liquids, to saïd con- 
tacting zon. 
2. The method claimed in claim 1] in which 
said monophase solution contai also. a glycol. 
3. Themethod of treating a hFdrocarbon, gas 
containinghydrogen, sulfide and carbon dioxide, 
that includes contacting thegas in a cntacting 
zone wïtha monophase liquid absorbent solutior 
comprising an alkanolamine; .wter an. a. (ater 
soluble ether ofa polyhydric'/alcqho! having .a 
boiling temDerature in excess of- 190 ° C., tler.eby 
reacting the. amine witt] saicl' hych'ogen sulfide 
and càrb0n dioxide the formation oï two liq- 
uidphases one contáining the bulk of the amine- 
carbon dioxide reaction product and the oher 
he bulk of the amine-hydrogen sulfide reaction 
pr0duct ly virtue of the relative ins0lnbility of 
he amine-caiïbon dioxide reaction product in 
he remainder of the solution,' separátely, hegt - 
inF, and strippirig said phàsèsof her absorbent 
gases and returning the stipped, licuid, to said 
ctacting zone. 
4. Thè method claimed in claire 3, in which 
said monophase solution contains also a glyçoL 
5. Tle method ofl trêating a hYdr.ocarbçn gas 
containing hydrogen sulfide and carbon 'dioxide, 
that. includes contacting the gas in a contacting 
zone with a monophase iiquid absorbent solutip 
comprising an alkanolamin, water and $'corn- 
pound having a boilïng/ temperatué  above 
190 ° C: afid ofthe grup consisting of  m0nohy- 
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dric alcohols, water soluble ethers of polyhydric 
alcohols, and water soluble multiple ethers of 
polyhydric alcohols, in sufliciently high concen- 
tration of said compound to cause by reaction of 
the amine with said hydrogen su_lfide and car- 
bon dioxide the formation of two liquid phases 
one containing the bulk of the amine-carbon 
dioxide reaction product and the other the bulk 
of the amine-hydrogen su]fide reaction product 
by virtue of the relative insolubflity of the 
amine-carbo.n dioxide reaction product in the 
remainder of the solution, separately heating 
and stripping said phases of their absorbed gases 
and returning the liquids constituting the hy- 
drogen sulfide and carbon dioxide stripped 
phases respectively to relatively upper and lower 
locations in said contacting zone. 
6. The method of treating a hydrocarbon gas 
containing hydrogen sulfide and carbon dioxide, 
that includes contacting the gas in a contacting 
zone with a monophase liquid absorbent solution 
comprising an alkanolamine, ,water and a com- 
pound having a boiling temperature above 
190 ° C. and of the group consisting of monohy- 
dric alcohols, water soluble ethers of polyhydric 
alcohols, and water soluble multiple ethers of 
polyhydric alcohols in sufficiently high concen- 
tration of said compound to cause by reaction of 
the amine with said hydrogen sulfide and car- 
bon dioxide the formation of two liquid phases, 
passing the solution and reaction products into 
a separating zone wherein there is formed said 
liquid phases one containing the bulk of the 
amine-carbon dioxide reaction product and the 
other the bulk of the amine-hydrogen sulfide re- 
action product by virtue of the relative insolu- 
bility of the amine-carbon dioxide reaction prod- 
uct in the remainder of the solution, separately 
withdrawing and passing the hydrogen sulfide 
and carbon dioxide reaction product phases re- 
spectively through flrst and second separate 
heating zones, and returning the stripped liquids 
from said heating zone to said contacting zone. 
7. The method of treating a hydrocarbon gas 
containing hydrogen sulfide and carbon dioxide, 

6 
that includes contacting the gas in a contacting 
zone with a monophase liquid absorbent solution 
comprising an alkanolamine, water and a com- 
pound having a bofling temperature above 
5 190 ° C. and of the group consisting of monohy- 
dric alcohols, water soluble ethers of polyhydric 
alcohols, and water soluble multiple ethers of 
polyhydric alcohols in sufliciently high concen- 
tration of said compound fo cause by reaction of 
10 the amine with said hydrogen sulfide and carbon 
dioxide, passing the solution and reaction prod- 
ucts into a separating zone wherein there is 
formed said liquid phases one containing the 
bulk of the amine-carbon dioxide reaction prod- 
15 uct and the other the bulk of the amine-hydro- 
gen sulfide reaction product by virtue of the rel- 
ative insolubflity of the amine-carbon dioxide 
reaction product in the remainder of the solu- 
tion, separately withdrawing ad passing the hy- 
20 drogen sulfide and carbon dioxide reaction prod- 
uct phases respectively through first and second 
separate heating zones, returning the liquid 
from said first heating zone to the top of the 
contacting zone and returning the liquid from 
2. said second heating zone fo a lower location in 
the contacting zone. 
FRED C. PIESENFELD. 
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